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The objectives of the present program have been the development
of techniques for the g.-owth of single crystals of beryllium
o_ide _itsbls fo_ _se in mJc_oelectronic ap_licatioaa, _nd the precise
determination of ?_ix _echanical, thermal and dlelectxic properties.

The single czystal gr_-..h port._on of the program has had as its
main objective the per£ection of techniques fo_ Eeproducib)y
growing platelet type crystals of controllable high T'Arity and mini_
w.rface contsminatlo_ an_ imperfections.

The thermal and dielectric properties of polyctystalline BeO are
w_ll known as _II as _he basic _ystol st._uc_Ze ot the material.
Several investigators have reputed on the piemoelecttic and ferro-
e_¢ctric pEoperties of Bee. The testing pozti_ _ this program has
_d as its main _jective the precise deter_Lnati_ _f the anlso_cpic
chsrac_rie_i_s of single uxystal BOO as evAd_s_d M_ the o_Lent._ti_.
sensitivity of the diala_t_Ic and thermal c__ p_opertie_.
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The nucleati_ and growth of pure, single crystals of BoO _!s been
attempted in two completely dif_eront _nvi_onmonts. The f_:st-of theue
is by the wster-vap_ transpoxt se_hod w_o_e =ms is ndm o£ _ pu_&
B_O system wherein polycTystalllne DeO is bO_h the nutrient nmtorlal
a_-se_Ing material, The se_d te_uo is by _x_tdlllzati_n
o._ BeG _r_ alkali molybdato. "

I.. W_ter-ve_o_ _T_.Indv_ M._

_owth by the w_ter-vapor trans_x_,_ me1_c_ has been _ _iG_t success_l
method of pr_paxlng single crystals of BeO, The _Ei_ont_ p_zfox_o_
_uz_ the period are outlined 4. Table I. Cz'_t._)_s grown by. _h/s
technique have been _,ex_gon_l An _ro_s-_tAc_ wit_ _vera_e diameters
of 0.050 - 0.060" and nany c_ysl_le up t1:o 0.175" ditmm_ez. Chemical
purity, of these crystals As ]>et_,ezthan _,_ Bin:face :Lsp_it:ies
uonstltut_ D-_srly all of the con_tJ,_. The main s_s of
contamination are in the incomi_ ¢_r_ox gas omltalni_g reactive
stea_. _.nd in the nutrient BeO ma_er_is. Tt_ E_O_,o_ chamber is

made of all BeO but there is still possibility of co_tmminatlng
ma_zlals _ing relesse_ fro_ the cho_bor _lls as _ x_,It of

oor_wo_ive att_k by water vapo_o The prmmnoe of vapor phase oontsminantm
in t_w c_ambe_ may _e strongly effacl_u_ tim s:l[l_ to vhi_h a crystal
ms y grov. 8urfac. c._t_ainatAo_ of a _o_lnq cxyat_l could be
amfficimn'C to upset t_o t_mrmodynlmi_ O_it_ o_s_iW to
aontl.rme girth. The _esen_e _f _ _o__atAon o_ th_ surf_
c_ _on F;_vent co_ti_ed gzo_h by _ot affGE_Ixlg an effo_ti_e
rm_o_tlo_ sctivlty. Some _vi_er_a ha_ b_on _ _tlng this
t3_o of zoasc_.

Du_An_ this pe=Iod several experiments have _ run _he,_o the seed
p_ates ve_e pre-t_ceated with hydrofluoc_ and hydzofZuoro_i_AcAc
_i_. Cry_mi nuclear/on w_s _eater in the regions t_eated with
hyd_ofluorl_ acid. and less in re_ion_ txe_ted wit_ hy_OflUocoeilicic
ac_. This dit£e_e_ i_ believed to _O _u_ to the leaeh_ out of

_Jm_t_ltiem fzom the m"mfac@ of the _eo_ pls_e, and can be cc_mide_o_
miallaE to the different nucleati_/_cm_h po_en_tul_ at t_he m_fa_
of g_o_ and con_a__d crystals. _s m/_tlerity sad knowledge
of the role o£ .4_u_it_os in the flux g_owth mthod and in the.
ovapo_atlon-_ondensation pro_s point up quite strongly the need for
ob_oEvlng the controls set to_-th in prevlous reports and especially
th_mo per_inlng to the purity of the myatem.

_p_.
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Preliminary experimental runs were mad._ will the _latinum-_ound
furnace. At temperature| in the -iclnity of 3_75 C a reaction

occ_irred between the platJ_num winding and the A!203 muffle. After

severnl attempts to make use of the platlnum_? 3 _rnace, it

became evident tlmt the pra._nt system we, net :._pattbie with the

M_. va_rz able the solute.on, A second solution growth furnace

was constructed using _cbar heating elements and an AI203 m_ffle.

The furnace was callb_ated in the temperature range 1300 - 1500°C,

and several solubility experiments were uun to determine the best

operating conditions and growth parameters. Ta%le IZ lists

these experimental runs end their results. Use has been made of

both Li2MoO 4 and Li2Mo207 with MoO 3 and spherical Bee po_d_r (-325

mesh} o R_sults to daZe indicate that Li2MoO 4 with excess MoO 3

is better thnn Li2_o207 with excess M_3o It is al_o I/%dlcated _mt

the Li2MoO4 made from Li(_ lld MoO 3 was _etter tb_n t.he c_z-'lelly

available Li2MoO41 thG reason probably being eas_iated with the

17.2% excess Li20 present in _ c_amercially available material.

Data indicate that at 1455_ approx_tely 0.25 mole of _O may be

dis,olved in Li2MoO4;lo25 MOOSe Crystalllzation of Bee micro_tala

was accomplished st 1425°C after a mixture of Li2MoO4. MoO 3 an_

Bee _ol_r ratio eel.25|0.5, respectively) Was he,ted _o 1455°_

for a perle4 of 3& hours then held at 1425°C for 48 hours. Ths_e

crystals were no mu_e than 0.005 - 0°010" in cros_ section but

displayed many of the physical ch_racterlstics m lat.ed with

crystals grown f=om alkali moly_date solutions b_ _her investlgators.

The :e identifying charac_rls_Ics include co_lete transparenmy,

hexagonal cross-settles, an_ hemi-_yramidal growths from the basal

surface. Growth rates have been r_ported in the vicinity of

O.OOl" per day. Gzuwth rates with Li2MoO 4 made up by _atlonal
Se_ll_a appear to be s_t faster Sm_ continued effoEts will _

d_+zected toward perfection Of the process to produce 1_z_e= crystals
faster.

For better control sr_ faster growth, an artificial tem_eratuxe

uradlent has been built into the system usim_ Bee heat sink blocks

and Bee rod (I/4" l" x 3 I/4") between the heat sink end the

platinum reaction (:r'_=ible. Wlth this set of conditions it is

possible to maintain a _raL'_ze of 1455°C on the platinum
crucible and 1325°C on the heat sink ena of the heat transfer rod.

One additional heat transfer rod will be In'.roduced between the melt

and the heat sink to co_lete the necessary a_'tlflclal gradient. Th_s

design offers t_e possibility of _ecurlng a definite and controllable
tbermal extraction area.

i i | II i ,m
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TABL_ XX

Run Solution CryatallSzat_on

__.o,. _n_..._nm._ch_,..,_._r.._r=. ...'_- _ __m. 31_ 3e=u__!U_

I Li2MoO4{_mC) sBeO 1425°C 24 hr,s.1400°C 36hZSo Undissolved

2 _iIMoO4(_BCytBeO 1495°C 2¢hrso 1400°C 48hZao Partially d£s.olvedo
.. t 2 No crystmIXi_t£on.

3 Li-_oO4(NBC) sBeO=MoO 3 1460°C 36h_So 1440°C 36hzs. D_ peE_J_l¥ dis-
1 2 8 2 _Jolvedo8ome reJ_-

t£on of ve:y small
BeO _t51s o

4 LI2MO2OT:MOO$:BeO 1460°C 24hrSo 1440°C 24 h_s. D1_olo:ed-eome
d J.ssolut £on oNo

l s1.25_ I cry:_ llLsatAon.

5 Li_Mo2OT:BeO 1460°C 36hrs. 1440°C 72bxso Pa=tislly dlssolveJ
1 sOo3 _o ¢ryst_llLzatlon.

6 LI2MoO4(N_C) sMoO$sBeO 1460°C 36hrso 1445°C 4.qbxs. Noetly dlssolvod.
1 81.258 O. 5 Slight cryeta lliza-

tion.

7 LI2MoO4(EBC) 8MoO3sBeO 1455°C 36h:s_ 1425°C 48hzs. Most:l F dlssolved.
l tl.2580.5 C_tullisa_ic. _f

mix BeO platelets
_p to 0.005 - 0.010"
loag.
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FIGURE 1

PHOTOMICROGRAPHS OF MICROCRYSTALS

FROM SOLU'I'ION GROWTH EXPERIMENTS
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Dur-.ng this report:ng peri_ considerable u_e has been made of the

Gener_l Re:is Model Ir_15P.ce_acltan_e bridge nssemb!y with the Bee

crystal dielectric sample holder No, I ._ No° 2 described in

previous reports.

[._._u_ 2 _.d 3 _huW a --lot o-_ capaQi_nue as a function o_ distsncm

between electrooes for sample hoarders 1 and 2. These data were usec

in calibration of the usI_ple ho_e_ with and without concentric

metal shields. It was foun_ that mmtal shields were not necessary

and, in fact, led to misin_erpretatiom of date. The small uiameter

of the shield introduced error into t_ evste:u through the added

hl,dL lead_o-shleld c_pacitmnce. Data 9_ined on both -_smp!e holders

without a shield was more r_iable, reali.tic an_ _ep_duclble.

Xn t_he case of the sample holder _Io. 2, the design of the holder

i_self af*eordz .-u_fic ,st shiel_in_ e_cspt in a case where a

flucrescent loop light is _pegate_ very close to the test apparatus.

In th_s case the 60 cya,14_ pickup by the Lridge assembly appears to

have a greater effect on the read£ngs than _Jam_le in_'ar£exe,_e.

Capacitance readings shown in T_lee XXX and IV are z_presentative

of the capacitance :_ the_lete holder, which sh_t_l_ remain

conmt?nt _nd the varying capacitance of the air gap. The composite

capacitance is sh_n am a _un_tlon of _he electrode spacing. The

difference _ sample holder v_nit capacitance _c_ou-ts for the
differer_e in capacitance readings for the two holders with the

same electrode sp_cing. One 8_ional _lteretion was nece_sazy

to improve the quality of the z_ings. This involved the reworkiag

:,_ the gro_n_ electrode to pEodume tw_ equol diameter electrode

points, and prevented the in_lusion of str__y capacitance raad._ngs

around t_ edges of the BeO czysZalm (Figure 4).

Preliminary calikration of t!_ unit using sample specimens of

polycrystalline BeO betw_er, 0.092" and 0.012" thick was completed

prioz to initiating t_-_ts on single crystals. Data gained from

this calibration - standardization poxtion of the program __ointed

up several important _scts useful in l_ter tasting of single crystals.

Dielectric measurements on single crystal plateleta of EeO were _Irst

made using two electrodes Jf different cross-sectional areas. Th_

high lead was 0.050" diameter with a low an%'le taper! the gxound

electro_s was a pedestal of uni_o_ 0.190" diameter. Th_ single

crystal samples _,re positioned between the unit el_ctrodes with

silver paste squeezed into surface-conforming electrodes in contact

with both faces of t|u_ cxystal. Capacitance _eadings were taken _nd
the e_ect__]e a_:e,a_,; _mere r.:casu_,3, S_ve_l _aults 'were found with

thJ_ :y_F ,)f -:_:.-u_>
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T_KLE I/.X

0.0015 _ i _. U: _'700 0.0090

0.0025 _ i ICe 008600 0.0090

0.007 1 Z¢ 0.8140 0.009

0,010 I I_C 0.8050 0 o00'_

0,,015 I _C 0,,7850 0.0097

0_020 I KC 0°7770 0.0099

0.025 1 F,C 0.7700 0.0096

0,031 I KC 0.7630 0_0095

0.035 1 ]1_ 0.7530 0.0090

0,0")15 I KC 0.8630 0.009_,

0,0025 ! _C 0.8340 0.0080

0o007 I _ O, 8330 0.0090

0.010 1 KC 0.8200 0.0090

0.015 I _C 0.8060 0.0090

0,020 1 KE 0,7950 O. 0080

0,025 I KC 0.7840 0.0080

0,0_i I F42 0.7640 0. 0090

0,035 1 KC 0,7590 0.0097
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•AK_Z IV

0o0005" I ,qC 17.5740 0°0020

0.000S" 5 KC 17,5619 000055

0. S005" I0 KC 17o5770 0o0100

0.00C7" i KC 17_=100 0,0020

0.0007" 5 _C 17,4_40 0.0055

0.0007" i0 KC 17o5150 0e0100

0.0009" 1 KC 1704640 0.0020

0. _009" 5 KC 17.4,500 0.0055

0.0009" i0 KC 17.4680 0.0100

0_0011" 1 KC 17o4310 0.0020

0,0011" 5 KC 17o4170 050055

0.0011" I0 KC 1704340 0.0100

0o013 "_ 1 KC 17o4040 0.0020

00013" 5 KC 17o3890 0o0055

0_013" I0 KC 17c4080 0.0100

0o0015 m 1 KC 17o3800 0.0020

0.0015" 5 ._ 17o3960 0.0055

0.0015" I0 KC 1703850 0.0100

0.018= 1 KC 17o3570 0.0020

0.018= 5 KC i; _3440 0.0055

0.018" I0 KC 17_520 0.0]00
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FIGURE 4

PHOTO OF SAMPLE HOLDER NO. 2

FICUP_ 5

PHOTO OF ELECTRODE ASSEMBLY

OF SAMPLE HOLDER NO. 2
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(a_ Me_sure_nts of e_ct sr_ss of contact were very poor due

to size and irregularity of _bapeo

(b) Silver pastes (_nd other past_s) do not constit:_te pure

metallic electrodes ar_ the contaminants present, contribute

to the total c&pscitanc_ oE the system.

(c) As the th_'cknes_ of the silva= paste electrodes varied,

the high lead-tc-_r_un_ .tray capacitance varied and was
not measureahle .

(d) Handling of crystals and app!i=etion of pressure were

very difficult and in many cases resulted in damage to the

crys ta l.

Foll_ing altersti_ms in unit electrode de.._ign

following procedure was used in measuring 61ielectric

properties of single cr_tal BeO pletalets,,

(e} S_eclmen was eeleated with hexagonol cross-section an_

surface free of s_urloms grmrths and otI_r imperfections°

(b) TWo tin fell electr_es of 0o050" diameter cross-section

wire f_briclted between high lead and ground electrodes of

equal cross-sectlon.

(c) _urfaces of tin fo_.l electrodes were treated with vaseline,

and electrodes were p._sit!oned on unit electrode tips.

(d) Single cry_tal platelet was positlo_ed on foil on ground

electrode and high lead electrode was brought in contact

using micrometer advance.

(e) C.pacit_nce mea_ure:._ents wtL-e :_c_.:ewith _ever_l different

electrode coz.,t_ct p_'essures.

(f} Sln_!e crystal specimen was remorse to metallograph for
exact measurement of thickness.

TaDle V lists some of the dielectric test data fo_: single crystal

BeO platelets. All measurements wQre mad_ parallel to the z-axis o

Polycrystalline Bee has a dielectric constant of 6_3. S_:,,?[[ehol_Ter

Nee 2 was calibrated and standarc_ized with thizs -" fers of polyc_'l-stal!:'_c

BeO p_oduc_d by cold-pressing and sinteringo and by hot-pressing

techniques.

1964007755-015



Th"- c':'_'c'__- :Jtr_.c:'_r8 of DeO has been well established as a di -o

he::_.-,n__!"_t':u_ture.* Piezoelectric characteristics have been
iC_::tifled _nd a_'? _imilar to what one Wguld predict bam_d on the

cryzt21 ._hructu-'e _nd hemi-pyramldal crystal characteristics and

the p.hy_:::al response to chemical _tching_ Predictions on the anisotropic

die!_ct__"_c i,rc_e_t!_ of BeO follow two general trains of thought.

One !i.nc of thcu_ht -.vot_Idpredict devietlon of the dielectric constant

for ,_i_-_!e czysta! material from the _ Lverage value for polycrystalline
_teL'ial based on the x-elative inter-stoic distances in the "c"

and "a" diuectlons. Cell constants have been determined by x-_ray

analysis as ao := 2.C979 + 0.0002 _, e,_d c0 - 4°3?72 _ 0.0002 _,

c/a = I°C3o Another line of thought womld predict this deviation

_ased upon- the re!nti%-e interplanar distances and the bond distances,

7n this c_se the De-_D ::ond distance parallel to the c-axis is

I_659_, and the 5s-C. bond distance at 108047 e from t_e c-sKis

is 1.645_.

If one con_iders only "-_hscel_ constants (c/a ratio of 1.63} he

c_ald e:q._ct th_ the dielectric constant in the "c" direction
should be less than 6.3, an_ in the "a" di_tlom should be DOZe

then 6.3.

Using the same inter-electron effe-_'ivenems reasoning, _ut considering

the inte_planar as well as the intar-atamic distances _etwsen

dissLmilar atoms one could expect tha_ the dielectric constant in

the "c" diuection should be more than 6.3, an_ in the "a = direction

shield be less than 6.3. Intezp_ans¢ dlstan_es ere 1.659_, and 0,5297_m

interato_._c distance between dissimilar atoms-on a planar pr_Jectlon
is 1.5574A°

Data listed in Table V indicate that the dielectric constant measured

in the "c" direction is less than that of pol_crystallins BeO.

If this data, and the intezp=etatlc_ thereof, is correct, the

first line of thought listed abc_e would govern the re_atlonship

_etween dielectric properties in different crystal di._actlone.

However, 4f t.he data is not correctly _ntezprete_, (that _s, if the

effect of the vaseli_e is g_eatez than allu_} _ dielectric

constant in the "c" direction would _e greater than for pol¥czystel_Ine

BeO and th_ alternate llne of reasoning wo_d better _escrlbe the

anisotropic character of the die_ctzlc propertise,

_mi%,h D. Ko_ _Tew_irk, H. W., Kahno J. So, Lawrence Radiation

?,P]_-__,_',er_'_ore_Kpt W.?405,eng-,18, 40C_.o 1962.
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CI:_X 2 0o001" 1.965 0.441 2_4000 1 EC 5.45
203190 10 EC 5o28
2.6840 I I_ 6oO9
2.6310 5 1_C 5.98
2.6790 10 I¢2 6.09

CPII 14 0.0018" 1o09 0.2449 1,2220 1 I_ 5.0
1,27"/0 5 EC 5.25
1.29"/0 10 ]_C 5.32
1,2910 I RC 5.29
1.3290 : 5 10_ 5.44
1.3440 10 ]KC 5 o51

CPI1 15 0.0012" 1,64 00367 1o6745 I l_C 4.56
1.6920 5 EE 4061
1,6990 10 _ 4.64
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2. _0ot£eal and _1 Pxoee_£ea

Work conducted under this portion of the contract during thJ_ pexl_
was devoted mainly to the investigation of t_chn£ques fo_ exact
determ£nation of thex_kl condu_tiv£ty of single crystal platelete
of BeO using the facilities of Queens Lab0rato:y Xn¢., _£son,
New 3ersey. A complete roper _. of than work is included as &ppendJ_
A to this report

t_) PLum rm _xT _,_m eSPieD

D_rtng the next report_Lng period wok will continue on the solutise
grov_ portion of Task &. k concerted etfoz_ _111 be made to produae
single crystal BeO by t_i8 method of suff_cient e_ £o= ccmparet£wt
testing with crystals grown by the refer-vapor _anslx_t m_hod.
DeteL_tnationa will be made of _hemieal pur._ty o£ solution 9_own
crystals by x-ray and a_ectrogrsphic techniques. Optical go_Lometc_o
techniques w£11 _ employed u 8 means o_ prJ_mry ldent££J_at£on and
classificat£o_ of c_stals, tak_ advant,_ge of the txanspazenc_ end
b_efringence of BeO. Dtolo_t:£_ property data ac_tmmlution will
continue and v_ll Lnelude masur_en_ of dtelect=io constant,
di_slpst.ton factor, end ze_/-t£vi_. It.h antlcipst_d that p:elJ_ai_t_
data _:elatJ.vo to the anisot_0pic _harsCtarbtics of thermal conductivity
of BeO will be available.

/4) Prol_t l:er, eonne_.

During _ho roportlng period the _ol_o_£ng _tiona$ B_ryll£s Corpora-
tion personael participated £n the pr_ograma, Dr. B. Ry_h_wit_h,
P. 8. gassiager, Ro L, 8haz_Ltkº K. Skids, and r_o.hrnento

toport _,reparod_=y- "°
i_o L. 8hsrkitt

i_p_t Approved by
Dr. _o P_shkbwitch
D:Lre_J:o_ of ltomrr_

Project Manager

Q • |r ....

1964007755-018



SS"_Tf _ _ nZZlS.L_ OXZnZ
__ _a __ 5acuu_o=r

apl_ndtx A
To

B£-Monthly Report fo_ the Period
I Septen_kz - 31 OctoBer. 1963

Contract _-6_

Unsteady State nat Flow Through
Thin 8beet8

Prepared Fo_
llat£onal Beryll£a Co_at_Lon

Beskell, _ Jeraey

By
Queen_ Laboratory lrmorporated

IMison. _ Jersey

Zo _'. 8uyth
Jo P. Mc,oney

1964007755-019



°
r ,tr....

REVdI_TDK STUDIES (JF L_:ASU_Eff_,TOF THERt,_ALDIFFUSIVITY

&etcher 15, 1963

iIJROD_JTION

The method i_ b_sed on the following considerations. A beam

of redlation Is a11owed to _all on one side of a t'_inp]ate _'hereIt _s

partiallv or co,_pleteIyabsorbed. It is conducted through to the other

_Ide and the co.r_.,uctin9 wjve is reflected back ar,d forth. In order to

make a dTnm_ic _ethod the incoming beam is interrupted at an adjustable

frequency so that the signal which is recorded is an A.C. signal. The

method involves measurement of the amplitude of thermal variation at the

t_o fac_s after equilibrium has been set up.

Fib,Irei shows the curve on which the method is based. Com-

plete details of the calculate.onwill be 9iven in the final report. The
|

fr._mabort _
I_ to "IT" . _..,_chmeans that the freq_epcy is v_,riedhy a

factor of I_0 d.._rlngany or,e run. The variatior, of the ratio of the

temperature am_,litudeon the two faces of the sample over thi._frequency

range sho'JldaIlo'ndetermi[_ationof the dSffusivi �°&Th_ first metLod tried to measure the surface tempe,;,tute_as

to .'.F_ttera thermocouple on e microscope slide. Ore half of ur,c face

_as sF,uttered,vithplatinum and the other half with silver. Thes_

metal_ _ere ch,_._senfi_t not bec&use of a farce e.m.f._ but because of

read_ availabllity and ease of sputtering. 'aithsuch a thermoccuple

1964007755-020
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on one face of a slide it was possible to measure, using a tyFe K

potentio_eter ar_ a D.C. ampllfier_ the temperature fluctuation _hen

a z_diant heat beezo was interz'upted up to 30 ti_es per second.

r'
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REPORT Oil STUDIES OF _EA.%_EME.trrOF THERMAL DIFFUSIVITY

November 15, 1963

b,.,rin9 t.hisperiod the _ork was concentrated largp!y on

methoc_s of measurement of surface temperature. Thermocouples of several

co_oinatior,s of metals sputtered or,to a _lass slide _ere tried with

varyin_ de_rees of success. However, it appeared that _etter zesults

could be obtained by _easurin 9 the resistar_ceof a platinu_ coatin_

sputtered on the sub-face, The circuit used is _hown in _i9. 2. The

resistance R is chosen to have about the same resistance as the co_ting

or,the slide.

The first coatin9, sputtered on with a m_sk provided a ba_k

and forth pattern on _;heslide giving a total resistance of about 40G_

ohms. T_Jishas the disadvantage that the surface of the sample is not

opaque, Any visible or near infrared radiation goes through (not by con-

duction) to the back of the sample. The calculated curve is based on

conduction alone.

A secor_Jslide was prepared with a platinum coating all over,

thus preventing direct passage of r_dlation. This had a reaistance of

80 ohms, which is .n • quite usable range. At f_,equenciesof about 30

cycles, readings have been obtained on both sides of a microscope slice.

S,J_e difficulty encounted in pickup of stray 60 cycle signals

was overcome by the uso of a tuneable twin-T filter netwo_-k betleen the _

amplifier and the oscilloscope. This allows pickups-free signal from the

sample to be observed.
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It; ts now plannea to make deter=tnat_-ons of diffusl_s_ty on

various _ples of incre_stn9 c_nducttvtty ar_ decreastn 9 .thickness

leedirn up to sampies of beryliium --_"- _.n_1. crystals.
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